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Background/Aims Fibroscan allows liver stiffness examination (LSE) that is well correlated with fibrosis stages. Our main objective was to evaluate LSE learning curve.
Methods LSE results of five novice observers with different medical status were compared with those of five expert observers (physicians with > 100 examinations) in 250 patients with chronic liver disease. Each novice-expert pair had to blindly examine 50 consecutive patients divided into five consecutive subgroups of 10 patients.
Results
In each observer group, novice-expert agreement [intraclass correlation coefficient (Ric)] for LSE results was excellent from the first to the last subgroup. Novice-expert agreement for LSE results varied with liver stiffness level: < 9 kPa: Ric = 0.49; Z 9 kPa: Ric = 0.87. Relative difference (%) between novice and expert LSE results was independently associated with the number of valid LSE measurements, and stabilizes around 20-30% after the fourth valid measurement. In each observer group, novice-expert agreement (Ric) for LSE success rate progressively increased as a function of time.
Conclusion LSE requires no learning curve: a novice is able to obtain a reliable result after a single training session, whatever the professional status. However, success rate will progressively increase. An LSE with less than four valid measurements should not be considered as reliable. 
Introduction
Noninvasive diagnosis of hepatic fibrosis has gained considerable interest over the past few years [1] . The first developed tools were blood tests of fibrosis combining several markers for hepatic fibrosis included in algorithms.
More recently, a device allowing liver stiffness examination (LSE) by transient elastography was implemented: the Fibroscan (EchoSens, Paris, France) [2] . LSE is very easy to obtain: the observer applies a probe to the skin, in intercostal position in front of the right lobe of the liver. The probe generates a low frequency elastic wave and measures its velocity in the liver from which the liver stiffness expressed in kiloPascal (kPa) is calculated. The manufacturer currently recommends obtaining at least 10 valid measurements, the final result corresponding to their median value. Several recent studies have shown that liver stiffness is well correlated with fibrosis stages of the Metavir classification [3] [4] [5] [6] [7] [8] [9] [10] . In these works, accuracy of LSE was especially excellent for the diagnosis of cirrhosis, but seemed limited for the diagnosis of significant fibrosis [3] [4] [5] [6] [7] [8] [9] [10] . Nevertheless, because of its ease of assessment, it is likely that LSE will soon be widely used in liver units. However, the modalities linked to observer requirements are not well defined.
The main aim of this study was to evaluate the learning curve characteristics of LSE with Fibroscan in five novice observers with different professional status among hospital staff. The secondary aims were to identify factors explaining the discrepancy between novice and expert LSE results, and to estimate the accuracy of observers for LSE by using fibrosis blood tests as an independent reference.
and January 2007 for an assessment or follow-up of chronic liver disease. Noninclusion criteria were ascites, which is a technical limit to LSE measurement [2] , and hepatitis flare (defined as aspartate aminotransferase > 8 fold upper limit of normal). All patients were informed about the study and gave their consent before being included. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the local Ethical Committee.
Liver stiffness examination procedure Definitions ( Fig. 1) A 'measurement' corresponded to a single evaluation of liver stiffness. An LSE corresponded to all the measurements recorded by an observer during an examination. A measurement was 'valid' if it gave a result, expressed in kiloPascal (kPa), and invalid if not. The 'LSE success rate' (%) was calculated as the ratio of the number of valid measurements over the total number of measurements. The 'LSE result' (kPa) corresponded to the median of all the valid measurements performed within the examination. 'Interquartile range' (IQR) corresponded to the interval around the LSE result containing 50% of the valid measurements between the 25th and 75th percentiles. This is an index of intrinsic variability of LSE which is also provided by the manufacturer. LSE was stopped and considered as 'complete' when 10 valid measurements were obtained. However, as valid measurements can sometimes be difficult or even impossible to obtain, it was decided for the purpose of this study that LSE could not exceed a total of 20 (valid and invalid) measurements. In an earlier study, accuracy of LSE for the diagnosis of significant fibrosis or cirrhosis was similar whether three, five, or ten valid measurements were recorded [11] . Thus, as in earlier studies [5, 6] , we defined an LSE result as 'acceptable' when the LSE success rate was at least 30% corresponding to six valid measurements according to our protocol.
Observers
Five novice observers who had never performed LSE before the study were evaluated: a physician specializing in hepatology (N A ), a medical intern (N B ), a third year medical student (N C ), a nurse (N D ), and a nonphysician clinical research assistant (N E ). Their results where compared with those of five experimented physicians (experts) who had already performed more than 100 LSEs before the beginning of the study. Expert A (E A ) Before performing his first LSE, each novice had a single LSE training session performed by the expert including a presentation of the device followed by one LSE. Then, each patient had two LSEs: a first performed by the novice, and then a second by the expert according to the same modalities and blinded to the earlier results of the novice. Observers were also not aware of the patient clinical characteristics. Examination conditions were those recommended by Echosens [2] : patients were lying in a supine position, with their right arms behind their head. After having identified the liver dullness, the observer applied the probe of the Fibroscan to the skin at the level of an intercostal space situated in front of the right lobe of the liver and began LSE. Each couple of observers had to examine 50 consecutive patients. To evaluate the learning curve, each observer group was divided into five consecutive subgroups of 10 patients.
Fibrosis blood tests
In addition to a patient's age, sex, and weight, blood variables were collected to calculate the aspartate aminotransferase to platelet ratio index [12] , the Fibrotest [13] , and the FibroMeters [14] . FibroMeter algorithms were different in chronic viral hepatitis [14] , alcoholic hepatitis [14] , and in nonalcoholic fatty liver diseases [15] . In most cases, blood samples were taken the same day as the LSE. Otherwise, variables were collected in the patient's file, and a maximum delay of 6 months between blood sample and LSE was tolerated. All blood tests were performed in the same laboratories in our hospital as previously described [14] .
Statistics
Quantitative variables were expressed as the mean ± standard deviation, and qualitative variables as percentage. Logarithmic transformation of LSE was used when necessary. Quantitative variables were compared using either the parametric tests -t-test and ANOVA (if n Z 30) -or the nonparametric tests -Mann-Whitney and Kruskal-Wallis tests (if n < 30). Qualitative variables were compared using the w 2 test. Agreement between novice and expert LSE as well as between elastography and fibrosis blood tests was estimated with the intraclass correlation coefficient (Ric) [16] for quantitative variables and kappa index (k) for qualitative variables. Ric is interpreted as following agreement: Ric Z 0.87: excellent; 0.87 > Ric Z 0.71: good; 0.71 > Ric Z 0.50: fair; and Ric < 0.5: poor [17] . Stepwise multiple linear regression was used to assess factors related to the crude or absolute difference between novice and experts. A P value < 0.05 was considered as significant. The statistical software used was SPSS for Windows, version 11.5.1 (SPSS Inc., Chicago, Illinois, USA).
Results

Main characteristics
The characteristics of the 250 patients enrolled are summarized in Table 1 . Expert LSE results varied from 2.3 to 75 kPa (median: 9.4 kPa), and overall expert LSE Agreement between novice and expert liver stiffness examination (Table 3 ) Liver stiffness examination results
Briefly, mean LSE results between novice and expert were similar in each observer group, except in groups D and E. However, agreement (Ric) between novice and expert LSE results was excellent in each observer group (Table 3: see last column 'all'). Agreement between novice and expert LSE results increased with increasing liver stiffness and became good by a LSE cutoff value of 9 kPa (detailed data not shown): Ric = 0.49 [confidence interval (CI) 95%: 0.34-0.62] in patients with expert LSE result < 9 kPa, and Ric = 0.87 (0.81-0.91) in patients with expert LSE result Z 9 kPa. The course of agreement (Ric) between novice and expert LSE results in the five consecutive subgroups of 10 patients of each group is summarized in Table 3 . Considering all observer groups together, agreement (Table 3 ) and correlation (Fig. 2a ) between novice and expert LSE results were similar at the beginning and at the end of the study. This was observed in patients with expert LSE result Z 9 kPa, as well as in patients with expert LSE result < 9 kPa (detailed data not shown). Moreover, by multiple linear regression, expert LSE result was an independent predictor (P < 10 -3 ) of novice LSE result but not the patient subgroup (P = 0.58).
Liver stiffness examination success rate Briefly, mean LSE success rate between novice and expert was significantly different in observer groups C, D, and E (Table 3 , Fig. 2b ). Novice LSE success rate (Table 2) , as agreement (Ric, Table 3 ) and correlation (Fig. 2c ) between novice and expert LSE success rates progressively increased as a function of time, ie, in the five patient subgroups, which was mainly owing to novices N D and N E . Furthermore, patient subgroups (P = 0.001) in addition to expert LSE success rate (P < 10 -3 ) were independent predictors of novice LSE success rate.
Acceptable liver stiffness examination
The rate of acceptable LSE was significantly different between novices and experts, owing to novice N E ( Table 3) . Rate of novice acceptable LSE (Table 2) and agreement for acceptable LSE between expert and novice (k, Table 3 ) progressively increased as a function of time, ie, according to the five patient subgroups.
Difference between novice and expert liver stiffness examination results
Comparing agreement indices with statistical tests is not always possible but this is circumvented by using observer difference as surrogate variable. This difference was expressed in two ways, either 'crude' difference expressed in kPa:
cDLSE ¼ absolute value of ðexpert LSE result À novice LSE resultÞ or 'relative' difference expressed in %: rDLSE ¼ absolute value of ½ðnovice LSE result À expert LSE resultÞ=expert LSE result
Factors associated with cDLSE cDLSE was significantly different between the five observer groups (Table 1) . cDLSE grew almost linearly as a function of expert LSE result (P < 0.001, Fig. 3a) . By stepwise multiple linear regression, cDLSE was independently associated on one hand positively with expert LSE result, expert LSE IQR, sex (higher cDLSE in males), expert experience (high vs. low number of LSE before the study), and, on the other hand, negatively with number of expert LSE valid measurements, but not with patient subgroup (Table 4) .
Factors associated with rDLSE rDLSE was significantly different between the five observer groups (Table 1) . rDLSE progressively decreased with the increasing number of expert LSE valid measurements, to finally reach a plateau around 20-30% from the fourth valid measurement (Fig. 4) . When rDLSE was expressed as a function of expert LSE results, it initially decreased then reached a plateau (P < 0.001, Fig.  3b ). rDLSE was independently associated negatively with the number of expert LSE valid measurements, and positively with the expert experience, but not with the patient subgroup (Table 4) .
Agreement between liver stiffness examination result and fibrosis blood tests (Table 5) FibroMeter was considered as the most accurate independent reference of fibrosis because it had the highest agreement with expert LSE results (log 10 kPa): Ric was 0.70 for FibroMeter, 0.67 for Fibrotest, and 0.19 for aspartate aminotransferase to platelet ratio index. With the exception of observer group C, expert LSE result agreed with FibroMeter better than novice LSE result, and was the only independent predictor of FibroMeter. Agreements (Table 5 ) and correlations (r p varied from 0.56 to 0.69 between patient subgroups) between FibroMeter and novice LSE results showed no trend as a function of patient subgroups. Finally, by multiple linear regression, FibroMeter was an independent predictor (P < 10 -3 ) of novice LSE result (log 10 kPa), but not patient subgroup (P = 0.24) confirming the lack of a learning curve phenomenon. Agreement between LSE results (log 10 kPa) and FibroMeter, as independent reference for fibrosis, was similar between acceptable (Ric = 0.67, n = 401) and nonacceptable LSE (Ric = 0.61, n = 99).
Discussion
Numerous studies have evaluated the impact of simulators and training on surgical, medical, and endoscopic procedures. However, studies evaluating the learning curve characteristics of medical devices used are scarce in the literature [19] [20] [21] [22] . Expansion of noninvasive tests for fibrosis is rapid, however little is known regarding interobserver and learning curve variability. In our study, novices and experts were blinded for their respective LSE procedure and results. This might induce a bias because expert and novice LSE anatomical sites could be different. Indeed, intersite LSE were discordant in 25% of the cases in a preliminary study where the LSE results were converted in Metavir fibrosis stages [23] . Another preliminary study has also suggested that LSE results were significantly different between nine LSE sites [24] . However, intersite agreement was not detailed and only healthy patients with low liver stiffness were included [24] . In fact, recent studies have shown an excellent intersite LSE agreement for LSE results [10, 23] . Finally, our study design corresponded to real conditions and the putative intersite variability had little influence owing to an excellent overall reproducibility. 
Liver stiffness examination result
Considering LSE results, our results highlight no LSE learning curve phenomenon: agreement between novice LSE results and expert LSE results or FibroMeter was similar at the beginning and at the end of the study. Moreover, the factor 'patient subgroup' was independently associated neither with novice LSE result, nor with cDLSE or rDLSE. Thus, a novice observer is able to perform reliable LSE after the initial training session. These results were confirmed in a recent study where LSE accuracy was not influenced by observer experience [11] . In addition, the excellent LSE agreement in novices Expert LSE result (kPa)
Expert LSE result (kPa) Relationship of the crude difference (a) and the relative difference (b) between expert and novice liver stiffness examination (LSE) results according to expert LSE result (P < 0.001). Expert LSE result, ranging from 0.3 to 1.9 log 10 kPa, was divided into eight brackets of 0.2 log 10 kPa intervals. Interobserver agreement for LSE results was excellent in our study, as in another recent work [10] . Although agreement is better reflected by relative than by crude observer difference, this latter descriptor might be more sensitive in detecting influencing factors. LSE result agreement (reflected by crude observer difference) was independently influenced by LSE result or IQR, valid measurements, sex, and observer expertise. A recent study showed that interobserver agreement for LSE was fair in patients with Metavir stages F0-1 (Ric = 0.60), and excellent for Metavir F Z 2 (Ric = 0.99) [10] . The present study confirms this result by showing a poor interobserver agreement for expert LSE < 9 kPa and an excellent agreement for expert LSE Z 9 kPa. This result was not influenced by training.
Our results also suggest the use of low LSE IQR as an index of reliability and that agreement might be better in female patients. Finally, they suggest that the expertise of observers could influence the LSE result. Indeed, crude and relative differences were significantly higher in the group E that included the two extreme observers: the only nonmedical staff novice and the most experienced expert ( > 1100 LSE). Thus, the expertise level might slightly influence accuracy and reliability of LSE results. In this way, agreement between FibroMeter and LSE results was slightly better in experts than in novices.
Liver stiffness examination success
Novice success rate and interobserver agreement for LSE success rate increased as a function of study course suggesting a learning curve phenomenon. These results confirm the influence of observer expertise on LSE success rate, which has been recently described [11] . This learning curve phenomenon was more marked for the nurse and especially with the clinical research assistant. Thus, a novice observer is able to produce a reliable LSE result, but procedure duration will progressively decrease because of a gradual increase in success rate, especially for nonphysician observers.
Learning curve phenomenon LSE result significantly varied as a function of observer groups or patient subgroups (detailed data not shown). Thus, as there was a relationship between LSE results and agreement, there was a possible interaction between patient subgroups and LSE results on the learning curve evaluation. Therefore, the independent effect of patient subgroup (ie, learning curve) was tested using multiple linear regression. Our results showed that patient subgroup was significantly related only to expert success rate and not to expert LSE result. Thus, learning curve (or expertise) independently influenced success rate but not LSE result.
Acceptable liver stiffness examination result
The manufacturer recommends performing at least 10 valid measurements to consider an LSE result as reliable or acceptable. However, definition and rate -2-8.2% -of acceptable LSE varied among the studies [3] [4] [5] [6] 9, 25] . In our study, 15.2% of expert LSE were nonacceptable. This Stepwise multiple linear regression, P < 0.001 in each group.
high rate could be owing to the study design limiting LSE to a maximum of 20 singles measurements, to the various causes of chronic liver disease, and to the expertise level. Indeed, we have already shown that LSE success rate depends not only on body mass index [26] , as in other studies [11, 27] , and intercostal space [26] , but also on observer expertise [11, 26] . A similar agreement between LSE results and FibroMeter, whether LSEs were acceptable or not, does not support the definition used for acceptable LSE.
The number of valid measurements, but not the success rate, was an independent predictor of rDLSE -a surrogate of LSE reproducibility (Table 4 ). In addition, rDLSE stabilized by the fourth valid measurement (Fig. 4) . It thus might be suggested that four valid measurements are required before considering a LSE as reliable, ie acceptable. In a recent study [11] , LSE accuracy was similar between three, five or ten valid measurements, and authors suggested that five valid measurements were needed to perform a reliable LSE in this setting. However, these results were not robust owing to the few number of LSEs with five valid measurements or less. Therefore, further studies are needed before recommending that LSE requires only four or five valid measurements to be reliable or acceptable.
In conclusion, LSE as assessed by Fibroscan presents no learning curve effect. Therefore, a novice observerphysician or nonphysician -is able to perform a reliable LSE after an initial training session (devoted to device presentation and one LSE demonstration by the expert). However, the time required to perform LSE will progressively decrease because of a progressive increase in success rate, especially for nonphysicians. Interobserver LSE agreement is poor for LSE < 9 kPa, and this could partially explain the highest LSE diagnostic accuracy for cirrhosis than for significant fibrosis.
